An improved fifth-order scheme is developed by improving the smoothing factor of weighted essentially non-oscillatory scheme. Based on different weighting methods, the scheme will have different effects of maintaining essentially nonoscillatory characteristic at extreme values. The local smoothing factor of secondorder accuracy is constructed, so that the scheme has fifth-order accuracy at the extreme value. The classical problems of one-dimensional convection equations, one-dimensional and two-dimensional Euler equations are computed. The calculation results show that the new scheme has higher accuracy and convergence speed, and at the same time, it can effectively capture complex flows including discontinuities and shock.
INTRODUCTION
In the numerical simulation, the traditional numerical scheme could not accurately calculate complex flow field with discontinuities, shock and eddies and so on, due to the inherent truncation error of the numerical method and the limitation of the smoothing characteristics of the algorithm. Therefore, researchers have struggled to develop new algorithms to overcome these problems. Over the past decade, the high-order weighted essentially non-oscillatory scheme which is called WENO have been made great progress.
In 1987, Harten and Osher et al presented the Essentially Non-oscillatory (ENO) [1] . The construction of the ENO scheme includes new design ideas for function reconstruction and stencil selection. The third-order ENO scheme is to choose one that has minimum variation and minimum oscillations in several possible stencils. Base on of ENO, Liu and Osher et al proposed WENO (Weighted Essentially Nonoscillatory, WENO) scheme in 1994 [2] .WENO scheme is a non-linear weighted convex combination of polynomials corresponding to all possible stencils in ENO scheme. If the ENO schemehasr order accuracy, the WENO scheme will have 2r-1 order accuracy. Since the development of the ENO and WENO schemes, it has been widely used and studied in many fields [3] [4] [5] [6] [7] [8] [9] .
Jiang and Shu [3] developed the classic WENO scheme in 1996, known as the WENO-JS. For fifth-order WENO-JS scheme, the weighting relationship is
when the smoothing factor is expanded in cell center. If the smoothing factor is expanded in cell interface, the weighting relationship is
In this paper, a second-order accuracy local smoothing factor is build when the smoothing factor is expanded in cell interface. Especially, this new scheme at extreme points can maintain high accuracy. The scheme is applied to complex flow calculations with discontinuities and shocks and compared with WENO-JS scheme.
GOVERNING EQUATION
The compressible inviscid equations of two-dimensions in an integral form can be expressed as ), total energy and total enthalpy. A finite-volume approach is used to discretize the equations. A system of ordinary differential equations is obtained
To retain uniformly high order of time accuracy, we adopt the third-order method of Chi-Wang Shu [8] .
IMPROVED FIFTHE-ORDER WENO SCHEME
We only discuss high-order reconstruction of the left state quantity 
The expressions of three stencil is 
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Lp is the one norm of the interpolation polynomial of ENO.
The new WENO scheme is called WENO-N2. In the computation, we take 2 p  .
NUMERICAL RESULTS

Discontinue Problem for 1D Linear Advection Equation
The initial condition is 33 11 ( ,0) sin( ) , 1 0; sin( ) 1,0 1 22
The calculation grid units are 200, CFL = 0.5, and the calculation result at 8 t  is given. The solutions calculated using WENO-JS and WENO-N2 schemes are compared with the exact solutions. As shown in Figure 1 , the solution for the numerical solution with WENO-N2 scheme is better than the WENO-JS scheme. 
ID Sod Problem
The Sod problem has the following initial conditions of the Riemann type
The calculation interval is divided into 100 units. Figure 2 shows the numerical solution and exact solution of the density at time t=0.2. It can be seen from the Figure 2 that the numerical solutions are in good agreement with the exact solutions, and WENO-N2 can better capture shock and discontinuity than WENO-JS. 
is given in Figure 3 , where most of the flow features are captured by using the present method. Comparing the result of WENO-N2 with those in the existing documents [8, 10] , it's seen that the flow pattern generally accepted.
CONCLUSIONS
A fifth-order WENO scheme is proposed and successfully applied to complex flows. For systems the reconstruction is executed in primitive variables rather than conservative variables. To retain uniformly high order of time accuracy, the solution is advanced in time by means of third-order TVD Runge-Kutta methods.
The performance of WENO-N2 scheme has been assessed in three typical unsteady compressible flow problems. The results reveal that WENO-N2 has the great capabilities to capture shock and discontinuities with high resolution, and it has a vast range of prospects for application.
